Objective: The present study aimed to examine the efficacy of an intervention program for fostering flow in a physical education (PE) setting. Design: A cluster-randomized control trial design was employed in the study. Method: A total of 135 college students (124 women and 11 men) participated in the study. Three PE classes were randomly allocated to two intervention groups (Class 1 [n = 47] and Class 2 [n = 41]) and one control group (Class 3: n = 47). Basketball was used as the major physical activity in both intervention and control conditions, and all participants played basketball in their PE lessons once a week for 10 weeks. The intervention program focused on increasing participants' abilities and awareness relating to the preconditions of a flow state (clear goals, unambiguous feedback, and challenge-skill balance). Participant's flow experience in each PE lesson was measured with the Japanese version of the Flow State Scale-2. Growth curve modeling was conducted on the situational flow scores. Results: Both intervention groups' global flow state scores in the first PE lesson (Week 1) were not different from that of the control group; however, both the intervention groups' global flow state scores increased significantly in later weeks (Weeks 7-10), compared to the control group. Conclusions: The present study was the first cluster-randomized control trial with a moderate sample size to foster flow in a PE setting. The findings of the study generally confirmed that the intervention program was successful in promoting flow in PE contexts.
Introduction
When individuals are deeply involved in an activity, they are likely to lose awareness of time (Csikszentmihalyi, 1988 (Csikszentmihalyi, , 1997 . For example, time seems to fly when we are having fun and drags when we are bored (e.g., Droit-Volet & Meck, 2007) . Csikszentmihalyi calls such a state of complete involvement as flow. The concept of flow is useful to make qualitative distinctions between positive emotions and high involvement or investment (Fredricks, Blumenfeld, & Paris, 2004) . Furthermore, it is a major topic of research within the field of positive psychology (Seligman & Csikszentmihalyi, 2000) .
Flow is a metaphoric term to illustrate an optimal state of mind that individuals similarly report when they are acting with focused and intense involvement in an activity (Nakamura & Csikszentmihalyi, 2002) . In the flow state, individuals feel cognitively efficient, deeply involved, and highly motivated with experiencing a high level of enjoyment (Asakawa, 2004) . Through a series of extensive research studies across various intrinsically motivated activities (e.g., chess, rock climbing, dance, arts, and work), Csikszentmihalyi and coworkers (as reported in Csikszentmihalyi, 1975 Csikszentmihalyi, /2000 Csikszentmihalyi, , 1990 investigated how people described their activity when it was going especially well and consequently identified nine major components of flow experience. They are: Challenge-skill balance-a sense that one is engaged in a challenge commensurate with one's current ability; Clear goals-a feeling of certainty about what one is going to do; Unambiguous feedback-immediate and clear feedback about one's action; Concentration on the task at hand-a feeling of being intensively focused on what one is doing in the present moment; Sense of control-a sense that one can deal with the situation because one knows how to respond to whatever happens next; Actionawareness merging-involvement is so deep that action feels spontaneous and almost automatic; Loss of self-consciousness-lack of concern or worry about the self reflectively; Transformation of time-a sense that the way time passes is distorted; Autotelic experience (auto = self, telos = goal)-experience of the activity as intrinsically rewarding.
Given that the flow state is considered to be associated with optimal functioning and engagement, it is significant to understand mechanisms that lead to and maintain a flow state (Kawabata & Mallett, 2016) . Nakamura and Csikszentmihalyi (2002) theoretically proposed that the nine components of flow could be classified into proximal conditions (challenge-skill balance, clear goals, and unambiguous feedback) and the characteristics of a subjective state while being in flow (concentration on the task at hand, sense of control, action-awareness merging, loss of self-consciousness, transformation of time, and autotelic experience). They stated that one would enter a flow state after satisfying the proximal conditions, considering that ''the phenomenology of flow reflects attentional processes'' (Nakamura & Csikszentmihalyi, 2002, p. 92) . However, they did not empirically examine this assumption. Kawabata and Mallett (2011) tested the notion by examining the internal structure of flow from a process-related perspective. They empirically tested a model, using structural equation modeling in which clear goals, unambiguous feedback, and challenge-skill balance were considered as the preconditions to enter a flow state and six other components as the characteristics of a subjective state while being in flow. Their hypothesized model was empirically supported after slight modifications by examining the data from two independent flow groups. Due to the nature of cross-sectional data, causal inference could not be made from Kawabata and Mallett's study. However, their study was considered important to understand flow from a process-related perspective.
Considering that flow experience is linked with personal growth (Seligman & Csikszentmihalyi, 2000) and engagement (Fredricks et al., 2004) , intervention programs that seek to foster this positive subjective experience should be highly valued, especially in learning environments. Nakamura and Csikszentmihalyi (2002) argued that educational settings present an opportunity to which the results of flow research can be applied most directly. Moreover, the application of flow theory, especially facilitating flow experience in learning environments is desirable because the experience will encourage students/learners to take on challenges in new areas and make the experience itself rewarding (Goleman, 1996) .
There are some correlational studies in which researchers attempted to examine what factors were associated with the general tendency to experience flow characteristics (i.e., dispositional flow) in physical education (PE) settings (Bakirtzoglou & Ioannou, 2011; González-Cutre, Sicilia, Moreno, & Fernández-Balboa, 2009; Sicilia, Moreno, & Rojas, 2008; Stormoen, Urke, Tjomsland, Wold, & Diseth, 2016) . In these studies, researchers proposed factors (e.g., motivational climates, basic psychological needs satisfaction, type of motivation) that might be associated with dispositional flow based on achievement goal theory (Nicholls, 1989) and self-determination theory (Deci & Ryan, 2002) and examined their hypothesized relationships for secondary/high school students who participated in PE classes. Across these studies it was found that task-oriented motivational climate, autonomous motivation, and satisfaction of basic psychological needs were positively related to dispositional flow in PE classes. Kawabata and Harimoto (2000) conducted a longitudinal study and investigated factors that were related to situational flow experienced by undergraduate students in PE classes. Using multiple regression analysis, they found that task-goal orientation, perceived competence, and good atmosphere of groups (e.g., teams, pairs) were significant positive predictors of situational flow. Although these studies informed us of some factors that were associated with dispositional and situational flow experiences in PE settings, all the studies except for Kawabata and Harimoto were conducted with cross-sectional correlational designs. Therefore, any causal mechanisms of the hypothesized factors to promote flow experience in PE lessons cannot be argued in the above studies (see Hagger & Chatzisarantis, 2009 ).
As reviewed above, there were no published intervention studies to facilitate flow in PE contexts. However, a few intervention studies were reported to promote flow in competitive sports contexts. For example, Pates and colleagues (Pates, 2013; Pates, Oliver, & Maynard, 2001 ) conducted hypnosis interventions with elite golfers, and Koehn, Morris, and Watt (2014) carried out an imagery intervention with nationally ranked junior tennis players. They reported that their interventions were effective to enhance the intensity of flow in competitions. However, because high performance athletes were employed, the sample sizes of those studies were relatively small (e.g., N = 1, Pates, 2013 ; N = 4, Koehn et al., 2014) and no control group was included in either study. As the above review of literature shows, no methodologically sound intervention study has been conducted in either PE or sports contexts to examine whether a flow state can be promoted through intervention programs.
The present study
Educational settings are considered among the ideal circumstances where flow experience can and should be nurtured (e.g., Csikszentmihalyi, 1988; Nakamura & Csikszentmihalyi, 2002) . It is well known that physical activities, such as sports, exercise, and dance, provide opportunities for individuals to experience flow (Kawabata & Mallett, 2016) . Given that PE encompasses a variety of physical activities, it is considered to be a suitable educational setting in which to foster flow. However, participation alone does not necessarily ensure that flow experience is achieved in PE lessons. For example, students are at least required to acquire some skills, or relevant capacities for action, in order to enjoy a physical activity. Furthermore, if a PE teacher provides students with inappropriate tasks (e.g., too easy or too difficult) for them, the students are unlikely to experience flow in PE lessons. In the correlational studies mentioned earlier (Bakirtzoglou & Ioannou, 2011; González-Cutre et al., 2009; Kawabata & Harimoto, 2000; Sicilia et al., 2008; Stormoen et al., 2016) researchers have identified some factors that were associated with dispositional and situational flow experiences in PE settings; however, it was unclear whether a flow state can be promoted through intervention programs in PE settings. Therefore, the present study aimed to address this research gap by rigorously examining the efficacy of an intervention program for fostering flow in PE contexts. In doing so, a cluster-randomized controlled trial design was employed in the study. The present study built on the findings of Kawabata and Mallett's (2011) study. It was hypothesized that an intervention program that supports students in satisfying the proximal conditions (clear goals, unambiguous feedback, and challenge-skill balance) would be successful in promoting flow in PE contexts.
Method

Participants
A total of 135 college students (124 women and 11 men), who enrolled in a compulsory PE class at a private college in Okinawa, Japan, participated in this study. College students were chosen as participants in the present study because PE is a compulsory subject at college and university (and also at primary and secondary schools) in Japan and intervention strategies employed in the present study were developed through author's teaching experiences to college and university students. All participants were Japanese and their ages ranged from 18 to 26 years (M = 19.0, SD = 1.3) and the majority of the participants were Year 1 students (92.1%). Their major was either child care or English. Most of the students studying child care or English at the college were women.
Measures
The Japanese version of the Dispositional Flow Scale-2 (JDFS-2). The JDFS-2 (Kawabata, Mallett, & Jackson, 2008 ) is a self-report instrument designed to assess the general tendency to experience flow characteristics during a physical activity. The 36-item measure consists of nine subscales (four items each) corresponding to the nine flow dimensions. Respondents of the JDFS-2 are directed to think about how often they generally experience the characteristics of flow within a particular activity (e.g., "I know clearly what I want to do," "I feel I am competent enough to meet the high demands of the situation," and "I am completely focused on the task at hand") and to rate their responses on a 5-point Likert scale, ranging from 1 (never) to 5 (always). Endorsement of the statements indicates that the individual experiences flow attributes. The validity and reliability of the JDFS-2 for use with Japanese adults (n = 990) was rigorously examined by Kawabata et al. (2008) . A welldefined factor structure was indicated by confirmatory factor analysis, and JDFS-2 responses were found to be reliable (all the nine subscales having internal-consistency reliability estimates of at least 0.75).
The Japanese version of the Flow State Scale-2 (JFSS-2). The JFSS-2 (Kawabata et al., 2008 ) is a self-report instrument designed to assess situational flow experience in physical activity. The 36-item measure consists of nine subscales (four items each) corresponding to the nine flow dimensions. The recommended use of the JFSS-2 is to ground participant's responses in a particular event that has just occurred. Respondents of the JFSS-2 are asked to indicate the extent to which they agree with each statement describing the characteristics of flow within a particular activity (e.g., ''I knew clearly what I wanted to do,'' ''I felt I was competent enough to meet the high demands of the situation,'' and ''I was completely focused on the task at hand') and to rate their responses on a 5-point Likert scale, ranging from 1 (strongly disagree) to 5 (strongly agree). Endorsement of the statements indicates that the individual experiences flow characteristics strongly. Kawabata et al. (2008) also rigorously examined the validity and reliability of the JFSS-2 for use with Japanese adults (n = 995). A well-defined factor structure was indicated by confirmatory factor analysis, and JFSS-2 responses were also found to be reliable (internal-consistency reliability estimates of the nine JFSS-2 responses were above 0.80).
Procedure
The current study was approved by an institutional ethics review committee and adhered to the guidelines for ethical practice. The study was introduced to potential participants during their orientation week. Participation was voluntary and informed consent was received from each participant before the commencement of the study. According to the curriculum at the college, students were required to enroll in a PE class for their graduation from the college. There were three PE classes in the semester when the study was conducted. The three PE classes were randomly allocated to two intervention groups (Class 1 [n = 47; 44 women and 3 men] and Class 2 [n = 41; 37 women and 4 men]) and one control group (Class 3: n = 47; 43 women and 4 men). An intervention program might work differently between classes (e.g., the intervention program is found effective to foster flow in a class, but not in another class). Therefore, more classes were allocated to the intervention groups to examine the efficacy of an intervention program for fostering flow rigorously.
To minimize the effect of playing different sports on experiencing flow, a single sport (basketball) was used as the major physical activity in both intervention and control conditions. Thus, all participants played basketball in their PE lessons once a week for 10 weeks. Each PE lesson was 90 min long, including warm-up, skill practice, and games sessions. The author instructed the intervention group, whereas another faculty member at the college taught the control group. The faculty member was instructed to teach PE lessons to the control group with his usual teaching practice. During the orientation, all participants were asked to complete the JDFS-2 twice by considering each of two different situations: a) when they do their main physical activity in their daily life and b) when they play basketball. All participants completed the JFSS-2 at the end of each PE lesson in both the intervention and control groups.
Interventions. In the intervention groups (Classes 1 and 2), participants were systematically supported in identifying cues and information known to be useful in evaluating their own performance (e.g., kinesthetic awareness) using a self-check sheet (see Appendix 1). Upon arrival in a gymnasium, participants filled out the left-side sections of the self-check sheet (physical condition, mood, and specific tasks participants want to focus in every PE lesson). The other sections of the self-check sheet and physical condition and mood after physical activities were completed at the end of each PE lesson. The instructor of the intervention condition read through each participant's self-check sheet and made comments or suggestions for the next PE lesson.
Based on the findings of Kawabata and Mallett's (2011) study, the intervention program focused on increasing participants' abilities and awareness relating to the preconditions of a flow sate (i.e., clear goals, unambiguous feedback, and challenge-skill balance). In doing so, participants in the intervention groups were systematically taught how to set suitable and explicit goals, obtain useful feedback on their performance, and adjust task demands to satisfy the proximal conditions of flow experience.
Clear goals. Setting clear goals is useful for concentration on the task at hand (Jackson & Csikszentmihalyi, 1999) . However, it is not easy to set suitable goals clearly in an unfamiliar activity. For example, when students are asked to set a goal in PE lessons, they often set an outcome goal broadly, such as "winning a game" or "enjoying an activity." Although outcome goals (e.g., winning a game) would be useful to motivate people, task goals are more suitable for experiencing flow (Kawabata & Harimoto, 2000) because they enable performers to focus on the task at hand (process rather than outcome). In the intervention groups, the instructor verbally explained to the participants in class or via writing advice on the self-check sheet about: a) how to set appropriate task goals and b) what specific strategies are useful to accomplish the goals they set. For instance, if a student wrote in the self-check sheet that "to enjoy playing basketball" as the goal of the next PE lesson, the instructor wrote to her how she can accomplish the goal. When she read the instructor's comment in the next lesson, she was encouraged to write specific tasks (e.g., "to make shots successfully" or "to communicate well with team members"), which is useful to achieve the goal (i.e., to enjoy playing basketball).
Unambiguous feedback. Kinesthetic awareness, such as sense of muscle movements and the location of body in space, is an important source of feedback from our body in physical activity. With this internal information, performers are able to make ongoing adjustments to keep on track (Jackson & Csikszentmihalyi, 1999) . Therefore, it is important to develop the ability to be aware of the internal information from the body and use it efficiently. In addition, having open communication with others is necessary when performance involves several individuals working together. Because basketball was used in this study, establishing effective and positive communication with others was important to get useful feedback from others. Participants in the intervention groups were provided suggestions about what internal and external feedback were available and how to use the information to assist performance. For example, they were asked to evaluate their physical condition and mood at the beginning of each PE lesson, using the 10-point scale in the self-check sheet (Appendix 1), and to do warming-up adequately based on their conditions (e.g., spending longer time stretching or doing shoot practice by paying attention to kinesthetic awareness).
Challenge-skill balance. To satisfy this proximal condition, performers need to know their current skills to do a specific activity and learn to set an appropriate challenge, or a task in which they can invest their high-level energy. Participants in the intervention condition were assisted in identifying a suitable challenging task and how to adjust task demands in the class or through the self-check sheet. In addition, the instructor of the intervention condition supported participants in enhancing their skills so that they could meet the challenging tasks successfully. As participants' skills levels increased, the instructor encouraged them to undertake tasks that are gradually more demanding (e.g., increasing the number of successful shots or exercise intensity). It is common in a PE class that there are differences in the sport skill level between students. Skilled students have likely played basketball competitively in their sport clubs at junior or senior high schools, whereas less skilled students probably played basketball only in PE classes. To avoid making more skilled students get bored and less skilled students get anxious, participants in the intervention condition were provided the two opportunities to play basketball games. In one of the opportunities, the entire class was divided into two groups (advanced group and beginners' group) based on their basketball skills, and they played basketball games with the students who have similar skills. In the other opportunity, teams were made as mixed skill groups and students were encouraged to take a suitable role in their team based on their basketball skills (e.g., skilled students took a role of the team leader.)
Data analyses
The data had a two-level hierarchical structure. That is, each time measurement of a variable (Level 1), which was collected over a 10-week period, was nested within each individual (Level 2). To properly detect both within-and between-person associations in such nested data, growth curve modeling was conducted with the hierarchical linear and nonlinear modeling (HLM) software (Version 7.01; Raudenbush, Bryk, & Congon, 2011) . For all analyses, parameters estimates were based on full maximum likelihood estimation.
Growth curve modeling is a common type of multilevel modeling in which changes in an outcome variable over time are modeled employing potential growth patterns (Field, 2013; Garson, 2013a) . Furthermore, multilevel models are useful in the longitudinal studies with missing data, as in the current study, because they do not require complete data sets at Level 1 (Raudenbush & Bryk, 2002) . To examine if multilevel modeling is required for the present data, an intraclass correlation coefficient (ICC) was first calculated for each of situational flow (JFSS-2) scores based on an unconditional model in which no predictors were included (Garson, 2013a) .
After confirming that multilevel modeling was suitable for the current data, growth curve modeling was conducted on the global situational flow score as well as on each of the nine situational flow subscale scores. According to graphical inspection of the data, a quadratic trajectory trend was observed for the situational flow scores over time, and therefore, time and time 2 were entered as within-individual (Level 1) predictors in the model. Due to the small number of groups (3 groups), it was inappropriate to analyze a third-level model, but instead group differences were examined as a person-level predictor (see Maerten-Rivera, 2013) . Thus, group, gender, and the aforementioned dispositional flow (JDFS-2) scores for the two different physical activity situations were included in the model as between-individual (Level 2) predictors. When time, time 2 , group, and gender were entered into the equation, they were dummy coded (time: 0-9; time 2 : 0-81; group: control = 0, each intervention group = 1; gender: female = 0, male = 1) and therefore they were not centered. However, the dispositional flow (JDFS-2) scores were centered for each physical activity situation by subtracting the grand mean from all the raw scores to facilitate the interpretation of coefficients (Garson, 2013b) .
The full Level-2 growth curve model for each outcome variable is expressed with the following four equations. In the model, the intercepts and the slopes of the predictors mentioned above were allowed to vary across individuals (Level 2):
Equation (1) is a Level-1 equation, and the outcome variable, SFlow ti , represents the amount of a situational flow score (the global JFSS-2 score or each of the nine JFSS-2 subscale scores) in week t for participant i. π 0i represents the expected value of S-Flow ti at time = 0 (i.e., Week 1). The parameters π 1i and π 2i represent the slopes of the linear and curvilinear relationships respectively between time and SFlow ti for participant i. The error term e ti is at the within-person level.
The three parameters (π 0i , π 1i , π 2i ) were estimated in Level-2 (i.e., the between-person level) as follows: 
In equation (2), π 0i is described as a function of the average across individuals (between-person intercept, β 00 ), the effects of intervention groups (β 01 , β 02 ), gender (β 03 ), the dispositional flow (JDFS-2) score for the two different physical activity occasions (β 04 , β 05 ) on the situational flow (S-Flow) score across individuals, and the between-person error term (r 0i ). In equations (3) and (4) 
Results
Descriptive analyses
The global situational flow score and situational flow subscale scores, which are broken down by experimental conditions and time of assessment, are presented in Figs. 1-10 . Item-and subscale-average scores were used for the situational flow subscale scores and the global situational flow score, respectively. An item-average score for each subscale was calculated by dividing a summed subscale score by 4 (the number of items), ranging from 1 to 5. A subscale-average score for the global flow was calculated by dividing the total score by 9 (the number of subscales), ranging from 4 (36/9) to 20 (180/9). All scale scores showed high internal consistency across the surveys (α = 0.76-0.98), indicating that the scores used in the present study were appropriate for within-person analysis (Tanaka & Murayama, 2014) .
Preliminary analyses
In the intervention program, students were supported in satisfying the proximal conditions. Kawabata and colleagues proposed that the item-average scores for the proximal dimensions (Challenge-Skill Balance, Unambiguous Feedback, and Clear Goals) above 3 as criteria (Kawabata & Mallett, 2011 ) and 3.4 as more stringent criteria (Kawabata & Evans, 2016) for classifying individuals who experienced flow attributes in physical activity from those who did not based on FSS-2 scores. Both intervention groups' Challenge-Skill Balance scores were consistently higher than the criteria of 3.0 except for Week 4, whereas control group's Challenge-Skill Balance scores were lower than the criteria from Week 4 onwards (see Fig. 2 ). All the three groups' Unambiguous Feedback and Clear Goals scores were consistently higher than the criteria for the 10-week period (Figs. 3 and 4) . These results indicated that the intervention strategy was successful to support intervention groups' students in satisfying all the proximal conditions of flow.
Main analyses: growth curve models
ICCs of the situational flow scores ranged from 27.5% (the global score) to 61.2% (Loss of Self-Consciousness), indicating that variance of the subscale and global scores occurred at the between-individual level. Lee (2000) argued that multilevel modeling should be considered when the ICC is greater than 10% of the total variance in the outcome variable. These high ICCs justified the rationale for using multilevel modeling for the current data. Therefore, growth curve modeling was Table 1 .
The global situational flow score. For the first section of Table 1 (Between-individual level predictors of intercept), the D-Flow score (the dispositional tendency to experience flow characteristics) on the basketball occasion was a significant positive predictor of the global situational flow score (β 05 = 0.139, p < .001). This indicates that the more the participants experience flow attributes on the basketball occasion in general, the more they experienced flow characteristics on average in the first week PE lesson. However, it was found that neither gender nor the dispositional flow score on the main physical activity occasion was a significant predictor of the global situational flow score (β 03 = 0.018, p = .98; β 04 = 0.056, p = .19). Importantly, none of interventions were a significant predictor of the global situational flow score (β 01 = 0.299, p = .49; β 02 = 0.021, p = .97). This indicates that both intervention groups' global situational flow scores in the first PE lesson (Week 1) were not different from that of the control group.
The second section of Table 1 (Between-individual level predictors of Time slope) shows the sources of variability in the factors that affected the linear slope. The significant negative intercept of the linear slope (β 10 = −0.273, p = .04) indicated that there was a systematic tendency for the control group to drop the global situational flow score. Intervention groups were found to be non-significant predictors of the linear slope (β 11 = −0.125, p = .51; β 12 = −0.160, p = .49), meaning that both intervention groups' linear slope was not different from that of the control group.
The third section of Table 1 (Between-individual level predictors of Time 2 slope) shows the sources of variability in the factors that affected the quadratic slope. The non-significant positive intercept of the quadratic slope (β 12 = 0.012, p = .38) indicated that there was no systematic tendency for the control group to increase the global situational flow score. The dispositional flow score on the basketball occasion was found a significant negative predictor of the quadratic slope (β 25 = −0.004, p = .02). This indicates that the more the participants experience flow attributes on the basketball occasion in general, the less they experienced flow characteristics on average in PE lessons at later stage. Most importantly, however, both intervention groups were found to be significant positive predictors of the quadratic slope (β 21 = 0.042, p < .05; β 22 = 0.048, p < .05). This means that both intervention groups' global situational flow scores increased significantly in later weeks (Weeks 7-10), compared to the control group (Fig. 1) . The situational flow subscale scores. For between-individual level predictors of intercept (see the first section of Table 1), the dispositional flow score (the dispositional tendency to experience flow characteristics) on the basketball occasion was a significant positive predictor of Concentration on the Task at Hand, Loss of Self-Consciousness, Transformation of Time, and Autotelic Experience (β 05 = 0.032, p < .01; .029, p < .05; .033, p < .01; .029, p < .01, respectively). Interestingly, both intervention groups were found to be a significant positive predictor of Action-Awareness Merging (β 01 = 0.660, p < .001; β 02 = 0.505, p < .01) and Loss of Self-Consciousness (β 01 = 0.936, p < .001; β 02 = 0.942, p < .001), whereas they were a significant negative predictor of Clear Goals (β 01 = −0.352, p < .05; β 02 = −0.472, p < .001), Transformation of Time (β 01 = −0.372, p < .05; β 02 = −0.369, p < .05), and Autotelic Experience (β 01 = −0.279, p < .05; β 02 = −0.314, p < .05). These results indicate that both intervention groups' subscale scores of ActionAwareness Merging and Loss of Self-Consciousness in the first PE lesson were significantly higher than those of the control group, but intervention groups' scores of Clear Goals, Transformation of Time, and Autotelic Experience in the first PE lesson were significantly lower than those of the control group. Table 1 Regression coefficients of the two-level growth curve models. For between-individual level predictors of Time slope (see the second section of Table 1), the dispositional flow score on the basketball occasion was found a significant positive predictor of the linear slope for eight (Challenge-Skill Balance, Action-Awareness Merging, Clear Goals, Unambiguous Feedback, Sense of Control, Loss of SelfConsciousness, Transformation of Time, and Autotelic Experience) of the nine situational flow subscale scores. These indicate that the more the participants experience flow attributes on the basketball occasion in general, the more they experienced flow characteristics on average in PE lessons. Interestingly, both intervention groups were found a significant negative predictor of the linear slope for Action-Awareness Merging (β 11 = −0.252, p < .001; β 12 = −0.189, p < .05) and Loss of Self-Consciousness (β 11 = −0.224, p < .01; β 12 = −0.370, p < .001). These results show that intervention groups' linear slope was lower than that of the control group for Action-Awareness Merging and Loss of Self-Consciousness.
For between-individual level predictors of Time 2 slope (see the third section of Table 1 ), the dispositional flow score on the basketball occasion was found a significant negative predictor of the quadratic slope for eight (Challenge-Skill Balance, Action-Awareness Merging, Clear Goals, Unambiguous Feedback, Sense of Control, Loss of Self-Consciousness, Transformation of Time, and Autotelic Experience) of the nine situational flow subscale scores. Consistent with the global situational flow score, these results indicate that the more the participants experience flow attributes on the basketball occasion in general, the less they experienced these eight characteristics on average in PE lessons at later stage of 10 weeks. Importantly, both intervention groups were found to be significant positive predictors of the quadratic slope for Action-Awareness Merging (β 21 = 0.025, p < .001; β 22 = 0.023, p < .01) and Loss of Self-Consciousness (β 21 = 0.025, p < .001; β 22 = 0.041, p < .001). These results mean that both intervention groups experienced characteristics of these two aspects of situational flow more strongly in later weeks (Weeks 7-10), compared to the control group (Figs. 7 and 8 ).
Discussion
Educational settings are considered ideal contexts where flow experience can and should be nurtured (e.g., Csikszentmihalyi, 1988; Nakamura & Csikszentmihalyi, 2002) . Although PE settings are considered suitable opportunities for individuals to experience flow, previous studies on dispositional flow in PE classes were conducted with cross-sectional correlational designs (Bakirtzoglou & Ioannou, 2011; González-Cutre et al., 2009; Sicilia et al., 2008; Stormoen et al., 2016) and to date no intervention studies have been published in PE contexts. It was unknown whether a flow state can be promoted through intervention programs in this specific educational setting. Therefore, the present study aimed to address this research gap and rigorously examine the efficacy of an intervention program for fostering flow in PE contexts. This study was the first cluster-randomized control trial with a suitable sample size to examine the promotion of flow in a PE setting. The findings of the current study generally confirmed that the intervention program that supports students in satisfying the proximal conditions (Clear Goals, Unambiguous Feedback, and Challenge-Skill Balance) was successful in promoting flow in PE contexts.
The results of growth curve modeling on the global situational flow score indicated that although both intervention groups' global situational flow scores at the beginning of the intervention period were not different from that of the control group; both intervention groups' global situational flow scores increased significantly in later weeks, compared to the control group. Growth curve modeling on each of the nine situational flow subscale scores revealed that both intervention groups experienced characteristics of Action-Awareness Merging and Loss of Self-Consciousness more strongly in later weeks, compared to the control group. Based on these results, both intervention groups' significant quadratic increase in the global situational flow score was considered to be attributable to the increases in Action-Awareness Merging and Loss of Self-Consciousness scores. Kawabata and Mallett (2011) examined the internal structure of flow from a process-related perspective. They tested a model with structural equation modeling in which Clear Goals, Unambiguous Feedback, and Challenge-Skill Balance were considered as the preconditions to enter a flow state and six other components (i.e., ActionAwareness Merging, Concentration on the Task at Hand, Sense of Control, Loss of Self-Consciousness, Transformation of Time, and Autotelic Experience) as the characteristics of a subjective state while being in flow. In the model, Loss of Self-Consciousness was specified as a distal factor caused by absorption in the present moment and related to Action-Awareness Merging. The hypothesized path from ActionAwareness Merging to Loss of Self-Consciousness was significant and tenable across two independent flow groups (see Kawabata & Mallett, 2011 for further details). Given that Action-Awareness Merging and Loss of Self-Consciousness are the characteristics of a subjective state while people are performing smoothly and without reflective concern about the self, participants in the intervention groups were considered more engaged in the lessons compared to those in the control group.
In the intervention program, students were supported in satisfying the proximal conditions (Challenge-Skill Balance, Unambiguous Feedback, and Clear Goals). Intervention groups' scores of Clear Goals in the first PE lesson were significantly lower than that of the control group, indicating that intervention groups were less certain about what they were going to do in the first PE lesson. However, intervention groups' scores of Challenge-Skill Balance, Unambiguous Feedback, and Clear Goals were observed consistently higher than those of the control group in the later weeks (Weeks 7-10) although intervention groups were not statistically significant predictors of either linear or quadratic slope for the three scores of the proximal conditions in growth curve modeling. These results supported the effectiveness of the intervention strategy because both intervention groups' Challenge-Skill Balance, Unambiguous Feedback, and Clear Goals scores were consistently higher than the criteria proposed by Kawabata and Mallett (2011) and the intervention groups experienced significantly enhancing two of six characteristics of a flow state (i.e., Action-Awareness Merging and Loss of Self-Consciousness) as mentioned earlier. In Kawabata and Mallett's study, the hypothesized paths from Challenge-Skill Balance to Loss of Self-Consciousness via Action-Awareness Merging were found to be significant and tenable across two independent flow groups. In the present study, participants in the intervention groups were assisted in identifying a suitable challenging task and how to adjust task demands. Therefore, the ability to keep challenge-skill balance enhanced through the systematic strategies was considered to useful for participants in the intervention groups to perform more smoothly and be absorbed in the present moment more than the control group.
Based on the findings of the present study, it is possible to promote a flow state systematically in PE contexts through an intervention program. Thus, physical educators are encouraged to propose useful strategies for assisting students in satisfying the prerequisite conditions that lead to the flow state. In the current study, participants were systematically supported in identifying cues and information known to be useful in evaluating their own performance (e.g., kinesthetic awareness) using a self-check sheet and taught how to adjust task demands to satisfy the proximal conditions of flow experience (Kawabata & Mallett, 2011) . Given that PE teachers usually help students identify cues and information known to be useful in evaluating their own performance in the PE lesson, a key point would be that teachers should develop or use systematic strategies that can be incorporated into their lessons without great difficulty.
The findings of this study contribute to the literature in two key ways. First, formal interventions can foster flow in PE settings. Second, the research methodology was unique in using data collected from the flow scales that can contribute to a deeper understanding of flow and its development. The results of growth curve modeling on the global situational flow score and each of the nine subscale situational flow scores showed that only the dispositional flow score on the basketball occasion was a significant predictor of the global situational flow score (for the intercept and the quadratic slope) or several situational flow subscale scores (for the intercept and the linear and quadratic slopes), but the dispositional flow score on the main physical activity occasion was not, except for the intercept of Challenge-Skill Balance. These results indicated that the general tendency to experience flow characteristics during a physical activity was limited to that specific activity. Thus, the users of the dispositional flow scale should not assume that the general tendency to experience flow characteristics in a broader situation (e.g., main physical activity or sport in general) is able to predict flow experience across different or more specific situations (e.g., basketball).
Limitations and future directions
The present study is characterized by several strengths. For instance, data were collected repeatedly with high assessment reliability measures over 10 weeks from reasonably large samples, including two intervention groups and one control group. Furthermore, the repeated measures data were analyzed with growth curve modeling, considering the hierarchical structure of the data. In spite of these strengths, the findings of the study must be interpreted in light of several limitations. First, this study was conducted in three PE (basketball) classes at a Japanese college; therefore, the generalizability of the results to other sport or academic settings is limited and should be examined in future empirical studies. In this study, both intervention groups experienced characteristics of Action-Awareness Merging and Loss of SelfConsciousness more strongly in later weeks, compared to the control group. However, other characteristics of flow states might be experienced more in other sport or academic settings. Second, the majority of the participants in the study were female students. Gender was found to be a non-significant predictor of the intercept as well as linear and quadratic slopes for all the situational flow scores except for the linear slope of Action-Awareness Merging. However, these results might be related to the small number of male students. A balanced number of women and men should be employed in future studies to examine effects of gender on the situational flow scores at the within-person level. Finally, a self-reported measure was employed to assess flow experience in each PE lesson. Alternative and complementary methods such as psychophysiological or mixed methods could be used to further examine the efficacy of intervention programs to enhance flow in future research (Kawabata & Mallett, 2016) .
Conclusions
In conclusion, the findings of the present study confirmed that the promotion of a flow state in PE contexts is possible through an intervention program. Based on the results of this study, educators and practitioners are encouraged to support students systematically in satisfying the prerequisite conditions of flow in PE and other educational contexts.
